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（C/ LTO）；第二个是基于包覆 Li4Ti5O12 的基础上再包覆一层金属 Cu，得到多
层复合结构材料（SS-MCMB/ LTO/Cu）。第一个碳材料表面包覆一层 Li4Ti5O12
（C/ LTO）的研究工作，是基于碳材料与电解质溶液的相容性和高倍率充电性能






究，主要是针对 Li4Ti5O12 的导电性差，通过包覆一层金属 Cu 来进一步提高材料
MCMB/ LTO 的导电性。 
本论文制备的多层复合材料采用的碳材料是中间相碳微球（SS-MCMB），平
均粒径为 9.908μm，而多层复合材料（SS-MCMB/ LTO/Cu）的平均粒径为
11.336μm，即包覆层的平均厚度为 1.328μm。通过元素分析测得 SS-MCMB/ 
















SS-MCMB/ LTO 和 SS-MCMB/ LTO/Cu 材料进行了对比研究。结果表明：复合材
料在大电流下具有更优异的电化学性能，如较低的材料阻抗和更好的循环性能；
通过循环伏安曲线和，dQ/dV 曲线的进一步分析，复合材料通过对 SEI 的某种抑




















Lithium-ion batteries have taken a big market share in portable devices, and have 
rapidly become essential secondary batteries. Lithium-ion batteries are not only 
widely used in portable electronic devices such as cell phones and laptop computers, 
but also in power tools including hybrid electric vehicles (HEVs) and electric vehicles 
(EVs) in recent decades. Even in military, aerospace and satellites there is a demand 
for advanced lithium-ion batteries with longer calendar life, high capacity and a quick 
charging bility. Carbonaceous anode has occupied a big portion of the commercialized 
lithium-ion battery market and will also be appointed to the future facilities. This is 
mainly because of its high specific capacity（372mAh/g）, good cycling stability, low 




. While in the carbonate solvent, 
solvated Li-ion is easily inset in the special stratified structure，namely bad electrolyte 
compatibility. And carbonaceous anode possesses a rather low Li-ion embedding 
potential, which will result in formation of lithium dendrites on the anode during 
quick charging process. So a bad electrochemical characteristic in quick lithium 
ion-battery charge process is produced. This above mentioned process will result in a 
application limit. Based on this understanding this paper focuses on a multi-layer 
core-shelled structure (MCMB/LTO/Cu) composite including the study of 
electrochemical characteristic and related influencing factors, to improve the quick 
lithium ion-battery charge process through reasonable designing and optimized 
preparation method.  
The paper has two main parts, one is the Li4Ti5O12 coating on carbon (C/LTO) as 
an anode material, and another is the multi-layer core-shelled structure 
(SS-MCMB/LTO/Cu) composite as an anode material for Li-batteries. For the first 
one, Carbon marerial is the core , and Li4Ti5O12 is the coating layer. This is because a 
solid electrolytes interface (SEI) forms on the graphite anode surface during the first 















and discharge process. This interface will increase the diffusion resistance of Li+ in 
solid phase, and influence the electrochemical characteristic. Li4Ti5O12 (LTO) owns a 
name zero strain material. This is because it has a stable structural. The volume 
change during the charge and discharge process is less than 1%. Li4Ti5O12 materials 
do not react with the electrolyte and can be easily prepared. In this paper we 
combined the sol-gel process and spray drying to get Li4Ti5O12 coating on carbon 
precurcer. After the thermal treatment the Li4Ti5O12 coating on carbon(C/LTO) is 
composed. The first coating Li4Ti5O12 would solve the bad electrolyte compatibility. 
The second one is Cu coating on MCMB/LTO aimed to improve the electrical 
conductivity. This is because the electrical conductivity of Li4Ti5O12 is only 10
-9
S/cm. 
Electroless deposition was used during the Cu coating step. 
We chose the Mesocarbon microbeads (SS-MCMB) as the core at last. 
SS-MCMB particle average size is about 9.908μm, and the multi-layer core-shelled 
structure composite we prepared particle average size is about 11.336μm. and the 
calculated coating layer is 1.328μm. Depending on the element-analysis test, we get 
that LTO content is 21.16% and Cu content is 12.21% in the multi-layer core-shelled 
composite SS-MCMB/LTO/Cu. A variety of electrochemical and spectroscopic 
characterization techniques were used to study the composite, such as cyclic 
voltammograms, electrochemical impedance spectroscopy, scanning electron 
microscopy and so on. It shows that multi-layer core-shelled composites exhibit a 
better characteristic including a lower electrochemical resistance the higher capacity, 
and the better cycling stability in high current. Combine cyclic voltammograms with 
dQ/dV curve, it concludes that multi-layer core-shelled composites 
SS-MCMB/LTO/Cu ensure a higher capacity releasing degree of SS-MCMB in high 
current. It is quite because the coating layer weaked relevant SEI forming process. 
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3.2V），是 Ni-Cd、Ni-H 电池的 3 倍。 
(2) 高能量密度。当前 R18650 型钴酸锂-石墨体系锂离子电池的能量密度已
经能够达到 150Wh/Kg 和 400Wh/L 以上，并且还在不断提高。 
(3)自放电小。自放电率能保证平均每月在 10%以下。 
(4) 使用寿命长。在 80%DOD 充放电时，可达 1200 次循环；采用浅度充放
电时，循环次数可达 5000 次以上。 
(5) 安全性能好。无记效应，对环境友好。锂离子电池中不含铅、汞、镉等
有毒金属元素，所以是一种无毒无公害对环境友好的化学电源。 
(6) 可快速充放电。1C 充电 30 分钟容量可以达到标称容量的 80%以上，
现在磷铁电池可以达到 10 分钟充电到标称容量的 90%。 











































负极：          66 C L i L i Cxx x e
   充电
放电
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(M=Ni，Co，Mn 等)，以及聚阴离子化合物如LiFePO4 等。 
 
(1) 层状LiMO2 材料 
自从SONY 公司最早将LiCoO2应用于商品化锂离子电池正极材料中， 目前
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